Method
This exploratory study had a nonexperimental cross-sectional design. Following approval from the ethics committee of each participating institution, participants for this study were recruited by various announcements in medical clinics and facilities of the Centre Hospitalier Universitaire de Québec. Additionally, a retrospective review of the hospital database was conducted for simple hysterectomy procedures performed during the preceding 60 months for either endometrial cancer or benign diseases. Solicitations to participate were sent by the hospital archive department. This study was conducted primarily at the Center for Interdisciplinary Research in Rehabilitation and Social Integration.
For the ONCO group, women were eligible to participate if they were 55 years old or older, had been diagnosed with endometrial cancer stage I or II, had been disease and treatment free for at least 12 months but less than 60 months, and had reported de novo UI since the oncology treatments. All participants in this group had received a simple hysterectomy with bilateral salpingo-oophorectomy and adjuvant RT, consisting of brachytherapy with or without additional external-beam radiation therapy. The symptoms of UI were first screened by telephone using the 3 Incontinence Questions assessment of Brown et al 23 ; this short, simple, 3-question assessment allows the detection and classification of symptoms of UI (stress, urge, or mixed incontinence). Exclusion criteria were a body mass index (BMI) higher than 40.0, major pelvic organ prolapse (greater than stage 2), use of medication known to interfere with continence or PFM functional properties, chronic constipation (according to Rome III criteria 24 ), additional adjuvant therapies (such as chemotherapy), excessive vaginal scarring or stenosis preventing insertion of the PFM dynamometer, and any active cancers.
For the HT group, women were eligible if they had received a simple hysterectomy for the treatment of a nonmalignant condition and had been through menopause (≥55 years old or had received bilateral salpingo-oophorectomy). The exclusion criteria differed from those for the ONCO group only E ach year in Canada, more than 9,000 women receive a diagnosis of gynecological cancer, including uterine, cervical, and ovarian malignancies. 1 Accounting for 6.5% of all new cancer diagnoses, uterine cancer is now the fourth most prevalent cancer in Canadian women. 1 The prevalence rate for endometrial cancer has shown an increase of greater than 2% per year since 2004; 2 this cancer is now the third most important cancer responsible for the increase in the overall cancer incidence in women. 1 Treating endometrial cancer can involve many different modalities; surgery, radiotherapy (RT), and chemotherapy are the most frequently used treatments. [3] [4] [5] The choice of modality is determined by several factors, including staging and grading of the cancer itself, patient's age, and risk of recurrence. The primary intervention for endometrial cancer in the early stage 6 is surgery (hysterectomy), while RT and chemotherapy are most often reserved for more locally advanced cancers or for patients assessed as having a higher risk of recurrence on the basis of histopathological features. 4 These interventions are not without consequences; soft-tissue lesions and urogenital dysfunctions have been frequently described in the literature, especially following RT. 7 Patients with gynecological cancer often demonstrate vaginal agglutination, vaginal stenosis, and vaginal length shortening after oncology treatments. [8] [9] [10] [11] Dyspareunia especially has been associated with vaginal atrophy and dryness following RT. 12 Functionally, many Pelvic-floor dysfunctions have been observed: urinary incontinence (UI) and urgency, sexual dysfunctions, and fecal incontinence and urgency. [12] [13] [14] These dysfunctions bring much distress to women who have survived cancer: decreased participation in activities of daily living and in social activities and, consequently, a decrease in overall quality of life. 9, 13, [15] [16] [17] [18] With the decreasing mortality rate, most patients live for several years with treatment-related morbidity. 15 In women without cancer, such urogenital dysfunctions are often associated with changes in the function of the pelvic-floor muscles (PFM). 19 Radiation-induced alterations in the muscle tissue of the pelvic floor of patients treated for pelvic malignancies have been reported before, but only scarcely for gynecological cancers. Indeed, in a review of the effects of RT on the PFM, only 2 studies documented these effects in patients with cervical cancer. 20 The first of these 2 studies was by Yeoh et al, 21 who measured the maximal thickness of the anal sphincter by anorectal manometry and found no differences between patients and people who were healthy (controls). The other study retrieved by this review was by Noronha et al, 22 who found no difference in the digitally measured maximal strength of the PFM between the surgical group and the RT group. However, additional chi-square analyses of the results revealed an interesting higher proportion of low-grade values (0/5 and 1/5 according to the Oxford scale) for maximal PFM strength during the manual muscle testing in the group that had received radiation. 20 Nonetheless, it is likely that urogenital dysfunctions following RT are associated, at least in part, with a deterioration in PFM function. 18 Considering the high prevalence of pelvic-floor dysfunctions after gynecological cancers and the scarcity of assessment of the PFM in women with a history of gynecologic cancer in the literature, there is an urgent need to measure PFM function after RT.
The primary aim of this study was to describe the PFM functional properties of women reporting a new incidence of UI after hysterectomy and RT for endometrial cancer (ONCO group) and of women with a history of hysterectomy for benign disease but without UI (HT group). Moreover, we aimed at verifying if there is an association between the severity of urinary symptoms and PFM properties for all participants. We hypothesized that the PFM of women after RT would demonstrate higher resistance to passive stretch and lower maximal strength than the PFM of women in the HT group. Additionally, we hypothesized an association between PFM properties and the severity of UI symptoms.
by the additional absence of any history of pelvic cancer and of symptoms of UI.
Every woman gave written informed consent to participate in this study.
Prior to the assessments, incontinence symptoms were confirmed using a 7-day bladder diary. This self-report diary included questions on beverage consumption, frequency and quantity of each micturition, and leakage episodes. A 7-day bladder diary has been demonstrated to be a reliable measure for the frequency of micturition and leakage. 25 During the single 90-minute assessment session, demographic, general medical, gynecologic, and anthropometric data were recorded. Furthermore, the nature and severity of urogenital symptoms were assessed using the International Consultation on Incontinence Questionnaires (ICIQ): the ICIQ-UI (short form) for UI symptoms, the ICIQ-VS for vaginal symptoms, and the ICIQ-B for bowel symptoms. [26] [27] [28] A French translation of the ICIQ-UI was readily available, but this was not the case for the other 2 questionnaires; therefore, forward translation and backward translation were conducted prior to questionnaire use to confirm adequate translation. All forms of the ICIQ were scored as described by Avery et al, 26 with lower scores indicating less bothersome symptoms and higher quality of life.
All participants emptied their bladders prior to the physical and dynamometric assessments. A clinical examination was conducted by an experienced therapist (S.B.). She was not unaware of the group affiliation since physical signs of RT were generally discernible and impossible to ignore. Participants were in a hook-lying position during this examination. The level of pain was assessed before and after each of the digital and dynamometric assessments to ensure participants' comfort and to avoid effects on muscle performance. Bidigital palpation was used to detect major muscle dysfunction and to ensure adequate contraction of the PFM. The tone of the PFM in the plane of the levator ani muscles was measured anteriorly-posteriorly and laterally in accordance with the 7-point scale of Reissing et al (very hypotonic: −3; very hypertonic: +3; normal tone: 0). 29 The contractile properties of the PFM were tested with the PERFECT scheme of Laycock and Jerwood. 30 Appropriate feedback was given by the evaluator to avoid synkinesis from the abdominal, gluteal, or adductor muscles during PFM contractions. Vaginal length, which was the distance in centimeters between the vaginal vault and the hymen, was measured using a hysterometer.
Following the clinical examination, the PFM functional properties were assessed with dynamometry. The Montreal dynamometer has been shown to provide valid and reliable measures of PFM function in women who are continent and women who are incontinent. [31] [32] [33] The instrument is composed of 2 pairs of strain gauges on movable speculum-shaped branches, allowing force measurements at different vaginal apertures in an anterior-posterior direction. The instrument was inserted 5 cm into the vagina with an anterior-posterior incline of 20 to 25 degrees, and PFM functional properties were assessed through various standardized tasks. 33, 34 Passive properties were assessed first at a minimal aperture of 1 mm between the dynamometer branches (minimal opening passive resistance) and then at a maximal aperture between the branches, determined by the acceptable tolerance limit for the participant, for 5 seconds (maximal opening passive resistance). For both of these tests, participants were instructed to relax their PFM as much as possible.
The following tests were executed at a 10-mm aperture between the speculum branches, and the best performance from 2 trials for each test was used for analysis. For testing of the maximal voluntary contraction (MVC) of the PFM, participants were instructed to contract the PFM as strongly as they could at command and to hold the contraction for 10 seconds. The mean force at baseline, the maximum force in newtons, and the highest instantaneous rate of force development (N/s) were calculated and used for analysis. Coordination was then assessed during the speed test. Participants were asked to maximally contract and completely relax the PFM as many times as possible during a 10-second interval. The verbal instruction given to the participants was to "contract as fast and as strong as possible, and as many times as they could" during the test. The mean force at baseline, the maximum force in newtons of each completed cycle of contraction and relaxation, the highest rate of force development for each contraction, the number of completed contractions, and the time between the contractions were used to represent performance. The last task was the endurance test, and only 1 trial was recorded. Participants were instructed to maximally contract their PFM and sustain the contraction for 90 seconds; a standardized encouragement was given every 30 seconds. The mean force at baseline, and the mean force in newtons between 10 and 70 seconds from the onset of contraction were used for analysis. Performance during the endurance test was quantified as the area under the curve during a 60-second duration: mean force between 10 and 70 seconds multiplied by 60 seconds.
The interval between tests was 60 seconds. The dynamometer was connected to a laptop on which the Numeri program (Labview; National Instruments, Austin, Texas) converted voltage units into newton units and presented real-time data in written and graphical forms.
At the end of the assessments, a generic PFM training program containing various strength, endurance, and coordination exercises was given in a written form to all participants to promote PFM fitness.
Data Analysis
Custom software, Winvisio 2.2.4, was used for a posteriori graphical form visual analyses of PFM data. All dynamometric values during active tasks were first corrected according to the mean force at baseline by subtraction of the mean passive force recorded at rest for a 500-millisecond duration before initiation of the contraction. Automatic extraction of the mean, maximal, and minimal values of the different variables of interest was also carried out.
Statistical Analysis
An α criterion of .05 was used for all statistical analyses. When available, exact significance P values were required. A descriptive analysis (mean, SD, and type of distribution) of each group was first conducted for each dependent variable. Nonparametric tests (MannWhitney U) were used for comparison of personal characteristics, functional status, and muscle properties between groups (the primary objective of this study). Effect sizes were derived from the delta (Δ) calculations of McGaw and Glass 35 ; absolute values of greater than 1 are clinically interesting. Absolute values between 0.5 and 1.0 reveal either mild associations or stronger associations that need to be better measured, defined, or applied to a more selective population. Associations between UI and PFM functional property variables were described using correspondence analysis. For this analysis, continuous data were transformed into categorical data using quartiles of each included variable and then were summarized graphically. Additional Mann-Whitney tests were applied to corresponding factors on the graph to determine the significance of relationships. All statistical analyses were conducted using SPSS Statistics 23 for Windows (IBM Corp, Armonk, New York). 
Role of the Funding Source

Results
A total of 583 announcement letters were distributed. Of the 583 women invited, 29 were found to be eligible and were recruited for the study (Fig. 1) .
From the 111 initial solicitations for participation in the ONCO group, 11 women were recruited; all reported a new incidence of UI after treatments for endometrial cancer. Eighteen women were recruited for the comparison group (HT group); none reported UI after hysterectomy for benign disease. A comparison of the characteristics of the participants in the groups is shown in Table 1. The 2 groups were similar in parity but differed significantly in terms of age, BMI, and number of years since hysterectomy. As expected, the ONCO group had UI, which was confirmed by significantly higher total scores on the ICIQ-UI, but also had decreased bowel function, as represented by higher scores on the ICIQ-B for both bowel pattern and bowel control. Scores on the ICIQ-VS (either total scores or scores for individual sections) were not significantly different between the groups. However, 1 question was answered differently by women in the 2 groups. When asked "Do you avoid sexual activities because of your vaginal symptoms?" 36.4% of participants in the ONCO group answered "yes," while none of those in the HT group did.
The mean differences in PFM properties between the groups are summarized in Table 2 . Most PFM properties were statistically different between the ONCO group and the HT group. The properties with the greatest effect sizes derived from the Δ calculations of McGaw and Glass 35 were vaginal length in centimeters (Δ: −1.80), maximal aperture of the dynamometer branches in millimeters (Δ: −1.68), and number of full rapid contractions during a 10-second interval (Δ: −1.47). In the MVC test, there were significant differences for maximum force in newtons (Δ: −0.56) and maximal rate of force development in N/s (Δ: −0.52); curves are shown in Figure 2 . In the speed test, there was a significant difference between the highest peak and the lowest peak of force in newtons (Δ: 0.77), which represented the loss of force generated on the dynamometer with repetitive contractions. A similar tendency was observed for the difference between the highest peak and the lowest peak of rate of force development (slope), on the verge of reaching significance. Fewer completed contractions during the speed test, represented by a greater duration in seconds between force peaks (Δ: 1.56), were also found for the ONCO group.
Assessment of pain levels during the examinations revealed absent or low-level discomfort (0/10 or 1/10 on a visual analog scale) during active muscle performance tests for all participants. Pain reported during the maximal opening of the dynamometer branches (varying from 0/10 to 8/10 in both groups) rapidly resolved to 0/10 when the stretch was released.
The results for the secondary objective of this study, regarding the association between PFM properties and the severity of UI, are shown in Figure 3 ; to avoid clutter, only the significant associations are shown. The coordinates are the inertia (equivalent to loadings into factor analysis) for the first 2 dimensions of the Flow diagram of the study. Numbers in parentheses represent percentages of participants retained at each step of the study from the initial number of solicitations to participate. HT=group of women with a history of hysterectomy for benign disease but without urinary incontinence (UI), ONCO=group of women reporting a new incidence of UI after hysterectomy and radiotherapy for endometrial cancer.
correspondence analysis. The distribution of the severity of UI, characterized by scores on the ICIQ-UI, is represented on the graph by large black circles; UI− represents lower scores on the ICIQ-UI (less severe symptoms), and UI+ represents higher scores on the ICIQ-UI (more severe symptoms). As expected, the ONCO group was located close to the UI+ location, while the HT group was located close to the UI− location, along a continuum (dashed line) almost parallel to the x-axis.
The first dimension caught most of the associations, although the second dimension could not be completely ignored. With regard to PFM properties, a more or less linear relationship paralleled the continuum for 5 variables: endurance (End), number of rapid contractions (Number Peaks), rate of force development of a rapid contraction (Slope Speed), vaginal length, and age. For instance, participants with less endurance (End−) on a 4-category scale more likely belonged to the UI+ group and the ONCO group. In a correspondence analysis, high positive correlations exist between neighboring points. Mean rank differences between the UI− group and the UI+ group for these 5 variables were confirmed, and P values were determined (Fig. 3) .
Discussion
The purpose of the present study was to compare the PFM functional properties of women reporting UI after treatment for endometrial cancer with those of women with a history of a comparable hysterectomy for a benign condition but without UI. To our knowledge, the present study is the first to show some evidence of alterations in PFM properties, as measured by dynamometry, after treatments for endometrial cancer. As initially hypothesized, the ONCO group demonstrated lower maximal strength during an MVC test than the HT group. Higher resistance to passive stretch was also supported by our results; this finding was observed through decreased maximal opening of the dynamometer branches but not through increased force at maximal opening. We found associations between the severity of UI and some PFM functional properties, such as endurance, rate of force development, and number of contractions in a speed test, as well as characteristics such as age and vaginal length.
Differences in urogenital and bowel functional status were found between the groups. It was not surprising to observe poorer urinary functional status in the ONCO group, as UI was a selection criterion. However, poorer bowel function was also found in this group, for both bowel pattern and bowel control domains of the ICIQ-B, but bowel function was not a selection criterion. This finding is in accordance with the prevalence of bowel dysfunctions, such as fecal urgency and fecal incontinence, after RT in other studies. 12, 18 Although vaginal symptoms in the 2 groups did not differ significantly, both groups had relatively high scores in the sexuality section, meaning more bothersome symptoms related to sexuality. Sexual dysfunction after hysterectomy and pelvic surgeries has been reported before, 36, 37 and the results for both groups in the present study seem to be consistent with those findings, although the reasons behind these findings are beyond the scope of the present investigation.
Our results showed differences in PFM functional properties between the ONCO group and the HT group. The ONCO group had a lower rate of force development of an MVC, suggesting that this group had a lower ability to recruit all motor units at a given time than the HT group. The ability to generate muscle strength rapidly may be essential to responding to rapidly increasing abdominal pressure. 38, 39 Force production in a limited time is also important for responses to mechanical perturbation during tasks requiring less power, such as standing balance and locomotion. 40 Many factors have been found to influence the rate of force development in skeletal muscle. 41, 42 For instance, changes in muscle composition or fiber types can affect the rate of force development. 43 Such changes were observed after RT in the study by Gervaz et al, 44 who reported that connective tissue growth factor was found in the muscle fibers of irradiated anal sphincter strips, and in the study by Coakley et al, 45 who reported that fibrosis was revealed by MRI in the urogenital diaphragm muscles after RT. Such explanations may be plausible for the participants in the ONCO group in the present study.
Muscle cross-sectional area and maximal strength are also known to influence the rate of force development of anMVC. 42, 46 Participants in the ONCO group had lower maximal strength than those in the HT group; this lower maximal strength, in turn, could have affected their ability to generate that maximal strength rapidly. However, when specifically asked to generate a fast and strong contraction in a speed test, participants in the ONCO group were able to demonstrate a rate of force development comparable to that of participants in the HT group. However, participants in the ONCO group were not able to maintain a comparable force throughout all contractions of the test, as demonstrated by a large difference between the highest peak Difference between highest peak and lowest peak for slope (N/s) 4.9 (3.2) 1.1-14. a PFM = Pelvic-floor muscle, HT group = women with a history of hysterectomy for benign disease but without urinary incontinence (UI), ONCO group = women reporting a new incidence of UI after hysterectomy and radiotherapy for endometrial cancer, MVC = maximal voluntary contraction. Values in bold type were significant. b Effect sizes were derived from the Δ calculations of McGaw and Glass. 35 c P values were derived from nonparametric unilateral Mann-Whitney U tests.
and the lowest peak of force. A loss of the rate of force development between the highest slope and the lowest slope measured for each peak showed a similar tendency, although it did not reach significance. Also, the greater interpeak duration and the smaller number of rapid contractions in the speed test were both indicators of altered coordination for the ONCO group. Neuromotor coordination is necessary for generating many full cycles of contraction-relaxation rapidly. The inability to generate many rapid contractions was previously found to be correlated with UI in other populations 19, 47 and appeared to be related to the presence and severity of UI in the present study as well.
We also found signs of structural changes in the pelvic floor and tissues of the vagina, such as stenosis at the vaginal opening-as represented by a smaller maximal opening of the dynamometer branches-and a shorter vaginal length-as measured with the hysterometer. These findings support the presence of fibrosis and vaginal agglutination after RT, as previously reported in many other studies. 8, 11, [48] [49] [50] The relationship among fibrosis in the pelvic floor and vaginal soft tissues, altered PFM contractile properties, and the severity of UI has yet to be determined. Additionally, the small sample in the present study may have led to nonsignificant results because of the lack of statistical power for other variables. Larger studies are needed to draw conclusions about alterations in PFM functional properties. Finally, even though the findings of the present investigation seem to concur with those of previously mentioned studies regarding the effects of RT, we cannot exclude the possibility that any intergroup discrepancy found for PFM properties can also be explained by disparities between the surgical procedures received by the 2 groups-although our selection criteria were intended to reduce dissimilarities to a minimum.
Despite very specific selection criteria, there were still significant differences in age and BMI between the groups. It was not all too surprising to find a tendency for a greater age and a higher BMI in the ONCO group, considering that these 2 characteristics are important risk factors for endometrial cancer 2,51,52 and may be intrinsically linked to the development of UI in this population because these characteristics are also known risk factors for UI. 53, 54 For instance, it is possible to identify physical changes in the lower urinary tract system with greater age, such as a smaller vesical maximal capacity and a lower density of the striated sphincter of the urethra, that can contribute to the development and worsening of UI symptoms. 54 Women more than 60 years old also show lower detrusor contractility and lower urethral pressure than younger women; these characteristics can also impair urinary continence. 55, 56 Even though the mean age of participants in both groups in the present study was more than 60 years, such factors may have played a role in the severity of UI symptoms for some participants. This possibility applies, in particular, to participants experiencing more severe UI symptoms because such symptoms were found to correspond to greater age, even though these participants experienced de novo incontinence after oncology treatments.
An irrefutable relationship between BMI and UI was established before; more severe UI was associated with a higher BMI. 53 This was not the case in the present study, as BMI was not found to correspond to more severe UI symptoms. However, Hannestad et al 57 demonstrated, in a population-based study, an increased risk for all types of UI, with an odds ratio of 1.4 for BMIs from 25 to 29 (such as in the HT group in the present study) and an odds ratio of 1.9 for BMIs of 30 to 34 (as in the ONCO group); these results implied that the higher BMI in the ONCO group could have played a role in the experience of UI. We recommend that these 2 confounding variables be taken into consideration in future studies involving women with gynecological cancer. Furthermore, pain during examination could have had additional confounding effects on muscle performance; however, this possibility was not likely in the present study because pain remained low during assessments, except during a maximal stretch test at the opening of the vagina.
Small sample size was another limitation of the present study. The exploratory nature of the present study partly explains this limitation; however, in addition, our selection criteria were very specific to ensure as much homogeneity in our sample as possible. Therefore, only 111 potential participants with cancer could be retrieved from the medical database for the selected time period. Although the prevalence of UI after gynecological cancer appears to be quite high in Correspondence analysis between the presence and severity of urinary incontinence (UI), as represented by scores on the ICIQ-UI (International Consultation on Incontinence Questionnaires for UI symptoms), and personal characteristics and pelvic-floor muscle properties, as measured by dynamometry, in 29 participants. Only the variables that shared a distribution similar to that for UI scores (P≤.05) are represented on the graph. UI-represents low scores on the ICIQ-UI, and UI+ represents higher scores. The distribution of scores obtained by the participants is represented by the dashed line between UI-and UI+. End+ represents higher performance on an endurance test, and Endrepresents a poorer performance. Age-represents a younger age, and Age+ represents a greater age. Vaginal Length+ represents a longer vaginal length, and Vaginal Length-represents a shorter length of the vagina. Slope Speed+ represents a steeper slope for a contraction during a speed test, and Slope Speed-represents a lesser slope during a speed test. HT represents the overall scores for the HT group on the ICIQ-UI, and ONCO represents the overall scores for the ONCO group. P values for these associations are presented in the box and were derived from nonparametric Mann-Whitney U exact significance tests.
the literature-up to 80% of patients with gynecological cancer 12, 18, 58 -the response rate of 20% in the present study could have occurred because the prevalence of UI was not as high in the population treated in our hospital setting or because some of the women had already sought treatment for the UI symptoms. Finally, the facts that our hospital is a tertiary oncology referral center covering a large geographical territory and that many treated participants lived in a rural area more than a 2-hour drive away from the center could have influenced the rate of response to our invitation.
In the population without cancer, PFM training has a grade 1A recommendation from a Cochrane collaboration for the treatment of UI and appears to be even more efficient when provided by a therapist specializing in the pelvic floor. 59 Coordination and timing exercises can be taught and have been shown to be beneficial for the population without cancer. 60, 61 The benefits of such exercises for the population with gynecological cancer should be investigated. Whether PFM training can improve PFM functional properties, such as maximal strength, maximal rate of force development, and ability to generate fast, strong, and repetitive contractions, in the presence of fibrosis is unknown. Dilation therapy is often suggested during or after RT for the prevention of vaginal stenosis, but there is currently no strong evidence supporting its use. 62 Pelvic-floor muscle exercise programs and dilation therapy need to be further investigated so that they can be adapted to the particular needs of patients who have received RT.
In conclusion, this exploratory, crosssectional study provides some evidence that PFM properties were altered after surgery and RT for the treatment of stage I and II endometrial cancer in women experiencing UI. Both passive and contractile properties of the PFM appeared to be affected; some of the affected properties seemed to be associated with the presence and severity of UI in this population. The relationships between muscle properties and UI suggest a possible role for pelvic-floor rehabilitation in the treatment of de novo UI after treatments for endometrial cancer.
Author Contributions and
